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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing a semiconductor device suitable for 
restraining a diffusion layer from increasing in 
sheet resistance due to segregation of impurities 
and forming an impurity diffusion layer of shallow 
junction depth without contaminating a substrate. 

SOLUTION: A silicon oxide film is formed on the 
surface of a silicon substrate, the silicon 
substrate is thermally treated in a nitrogen gas 
atmosphere which contains a small amount of 
oxygen gas to reduce the silicon oxide film to 2.5 
nm or below in thickness. Thereafter, ions are 
implanted into the silicon substrate through the 
silicon oxide film. After implantation of ions, the 
silicon substrate is annealed with the silicon oxide 
film left on its surface. In this method, an 
impurity injection activation processing device 26 
where a reduced- pressure RTP(Rapid Thermal 
Processing) device 1 and an ion implantation device 



2 are connected with a wafer transfer chamber 28 is 
used, and the silicon substrate is subjected to a 
series of treatments composed of pre-treatment, ion 
implantation, and annealing. 
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wtwrniwifc z nit fj=i >mm^tt Lxm&wmwz 

xst, smmwx.uzmtz'&oi'V =i>m&\cMLx 
tfc-> y 3 >mitm&m Lx^m^f 

ttLxmsmmgimzm ^xwm%* «r£tr*«ifetf;*£ 
mwxhzz t zw&b-r&m *m i {cie«©^«^ 

[If 3 ] i/»tt^B^tt«lt»Jias?gj5K 

2 ft*. t>nfrwmmmjjmx&^ x\ i«;->y = > 

st, mmtmT.m£mtz&<Di/y =>&m\zMLxm 
mmmitLtzi/v =>mas&mLxif 
A-rs^vaAist, BE-<*>aAis*gfc«, 

* T^s^tT ine^Kttw 

*tt£«©8ii§m 
[ff*«4] BufB^V&AlSICi^-C, 2. 5n 

t\ ffig?$-Wfa4*'y& 3 k e VJUT^P^^W^— 

-e&A-rs i £ £*mi+5ff#5 1 ftv^ L 3 (DV^ ft 

[it*«5] BuiE-i'^aAisws^T, Tie 
( i ) *.xm $ ft zwm d t*R<t: tfcHuts^ iinyi 

^--e&A-rs r t ti-zmxm i l 3 m > 
1*ft£»KSE*^^#im©S8igm 

dSV/l. 3 (1) 

(d : «>JJ ar/ttfUROKV (nm). , V : 
=¥- (k e V) ) 

Iff*! 6] fifllS'l' ^ftAXSt-^V ^T, TIB 
(2) *-C^$ftSf8PdK«R{bbfcffiHB'>y3^K 
IfcJgtSriILT, #a^^l:3k e V^TWADji^ 

/i^-r-aA-r ^ ^ t t -rmmm i^L3© 

t ^Tft*»lclStto^#3Hl©«5t^r2fe. 

d^V/0. 7 5 (2) 



(d :'yV=^>mtm(Dmm (nm) „ V:JP*3i^i/ 
=¥- (k e V) ) 

[«*«7J SaiE-f^-y&AlSlcte^-C, TIE 

(3) s:-eaiSft5g8?d{c»BSfbLfcMiES'y3>it 

L3©V ^ft7WCf2fc©^#gg©^2F)!fe, 
d^V/1. 0 (3) 

(d : v^y a^ftfUKOKV (nm) , V : Jffigat^^ 
(k eV) ) 

8 ] -> y ^ vs«*ffii-^«ftwa^is^ 
St, R8tr«aaxe*ftfc«o^y3>s«©jiiiiics 

KT=-yHST*ffl^5l|ft^S^g^^-©^g^ a 
S©M3t*fe 

[If *JS 10] -> y 3 >S«*E(cTMfeffii!«^^ 
fiSc$ftfc^ft:SE©M^ffiT'*>oT, SffilCv^ya 

5r<t(cj;>), fliFlE^y 3V^kKSr^*1-5M«iaiX 
Si, Rffi&SIg£igfc&©S'y 3>SR©*ffiKia: 

gTM^^-^^aA-rs^^-^aAxst, «>r*> 

ftAXSSrSfc^, Sffi^gtH Lfc*tffi© •> y ^ ^Sfe 

f-*f Lxmmmmzm^xmMtfx * 
wm^xfmm&fto^kizky)^ msspFmK*> 
s-sttttit57--;nst sr*--r-5 r t *#mt 
■f-a^NMH6a©«5i*fc 

[3H*Sl 1] inE^^->ftAXS{C*5V>-C, buIET 
««W*^Sr 3 k e VJ^T©AD3i^^/w^r-T'aA-f 5 
^ 1 5r#mi:-f5IS*« 8 L 1 0©V^Tft^(cfE« 

[ff*!l2] /UXS{Ci3l>T, iulEfi^ 

3*^^**1 0 0 p pmWT©S*#H^^T'tT5 

r. t§r#gS:i1-5if*3l8/ < e^Li l ©v^Tft>4^c:lEig 
©^fl^aoKj&brfe, 

[ffl*5l3] WIET=-/HSJ-*JV^T, wflEfi© 
SSrl OOOW^Ll 1 OOXlOM&X'fioZb&ft 
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[ff^iil 6 ] ^*y&AlS<08M&3£ LT©i/y 

5 r. i: t f5 ^ftgB©Sig^&„ 
[ft#S 1 7 ] ffcsfeff * £^if^«1±#*»Bf^© 

=£gi> BfFl5*^-<-^S«tm)IH-r^-^aA^fi<tO 

xmk-tzw, 2 ©«tta»ai<B5i: **i--5 r t zmtLt-t 

l 0 0 0 1 1 
[000 2] 

v' y => >X«©*ffilc*j- Lt^ft'f ^">§r9EAL. * 

[0 0 0 3] i©rajH«:aw**Sfc«>fc:, MS 

\cMLXW.m-4*>'&&AirZ><DX*ltfj:<, iStE±tC5/ 



M©w<!:£ txfr-mitmi tWritfcS) . Aft 
LT> ->y =»f*K£ffili:0!l;itf 1 0 
0 n mSl±<Dim <Dis V => U d ©-> y 

=» >BHfc&£i§ LT 4 0 0 k e VSgcDAPji^^^- 

x^jry&AZftio *sy =>>mmzmLtL 

©^fetci^tf, iMtK©#ftlcJ;9 % aft©-* 
^^©^^©aASrKitU &K©^-v?fcR 

8-9 6 7 6 3^«KcH*$iiTl^5o 
[0 0 0 4] LfrUeaSfc, ±fE©VvfVb©:frifc£fli^ 

«*®(ca:^^-yaA^ff5*»(w*3^Tt> 

aANf©*PJS^i-^-Sr{g<i-5, A#ftfcli3 k e 
flat©**, *^<-iMkBW)^ -f^-^ffiA^fr<t-> 

[0 0 0 6] 

[«1] 



(4) 



#182000-277449 



4 *>firt>&^fi# <o 


*L 


#9 
2.5nm 


^ 9 
50n m 


tl [ 






#9 




CVOfe^riOOnmita) 




^*f*lGOppro£lT 








0.5keV 5*10"cnr 2 


663.7 


746.9 


2373. 0 


675.3 


IkeV mo ls cnT 2 


311.5 


340.5 


464.8 




2keV mo I5 cnr 2 


232. 7 


231.7 


258.3 




5keV 3xl0 ,5 cra- 2 


102.0 




99.3 


108.9 



[000 7] $ fefC, *'n y£ it\t^X2 ^y?k<0\Y&\ 

hZ>z\tfc$m£tiX\^Z 0 
[0 0 0 8] 

it. •>!/3>11SHv'y 3>S^t;]g£4^©W!^<i 



it, JWfcftlcl^ &mc&f&mtM&Ml$.£fttz'? ^ 
[OO09] t C 3^ ^<0®ttg7-f >-Tii. Mp°pCO 

m^mmm^t.tix^^^irihh f o , %<dw&. mm 
TMitm^*&mxhz,frh. nmmcmi-mm 

-fZt^o £T-fy»foo tz 0 



[0 0 10] ft3b\ #^7-1 2 2 6 1 

mwmm. (^i&ETMgg) t^^y^sg 

im^tix^^o tztzu zo*mim%mw\cio\,^ 
xix *'<*y?v >7m<n*&miM<Dffi®mb\.xw. 
KfoftzmmLx^^tzit), ±$zm&<D=i>? 
3 ±mmi&r<Dmmitmi-f s r. t #-e# 4 

[0011] ^tvaAftOT^-ZHiffiLt 

it. $£%frbm* ©r=— /uigfiiasffli^ bft-cvs^ 

oT^Jiift^a (Rapid Thermal Processing, £11% R 
TPilEi") ^fT9^g^#ffl$^XTV^-5„ 

[0012] #3gpjii, ±ia©isM*^-r5fc*tc^ 
-< * \m^x»mf£^mwmm<Dmm-)j^mm- r 

[0 0 13] 
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= >mm&Mf$.ztitzi' y = l-c^ 

xmmit loos y => vswtasra lt**mw * 
Ai-s^a-^aAigi:, -ftf-vftAis&ftfcSL * 

aS«£ffl^Tg?fii#x£^t?^£tt#*#ia^T1& 

[0014] ttw<om2<o^imw<DW&mti.. 
^xitmrnzfio^b^j:*), , sv='>ffim%&£:-f 

10 0 15] **M©*3©*8W*««0«Jfi*fett, 

*r Lxmmt Lt~> y =i ^iwbJBtiii lt**mw at-v 

Affile avSHki^fcv'!) a^SKlcttL 
T^a^M*fflV^T^*^^tf^FStt^^#fflM 

^TSMa^tT^^ticj;!), ^tmM^zfsmm 

[0 0 16] *3SM©SE4©iNrfl:igB©ill5S*2feH:, 

xmym&n 5 t »c<t <? , >> y = >m&&!6&irz 

^^HM^X^a^p^tlcioT, ^*6»-<* 

[ooi7] a*, -Y^aAiewfiM&ai: LT->y 



¥fm<D#x%mn*x<Dm® ! m\c£<>xmium<D^y?- 

z^ttft&xxim^ximm&'fsojsm uie* 
i a 2 v^wmmvw&sm xh 

ts$*mm%^x'mm.*'fToi5m (±ib*«w©*3 

[0018] g£Sf#* Sr^tf #H5t1'-e!IM!aiSrfi 1 5 

S i 0 2 + S i -» 2 S i O (T) (a) 
S i + 0 2 -» S i 0 2 (b) 

^MvHWK-CfMBltffSi^ (b) ©Rj^iDt 

^y^^kM^y^^^tis. m%&m& 

*§£"T?t> (a) ©Sl£ttjBro"Ci3»>» ^iCv'Day 
K^tt^y^^^^tLX^S^, *tltl±(C (b) <D 

[0 0 19] ±|E (a) , (b) <D\,^-rtl<DRj&&5.&. 

&j{c?£Z><Dfr%»:mirz>s<7?i-?ki,x\t, %mmm 
(Dim. n^m. mmms. mm^vm 

?>-rr^|C0^5fc*. Z.<Dm&. (a) <Dm&<Dlj 

(a) ©R«as4i:5iaigiS[ftTi-*«lRlK:*>5. 01 
&b<Dmfr%&$&)\C7jk-ft ) <DXhZ> < , ZWmiZzFti. 

m) & tmum<D^ &±cx%z_z>mm xh 
ixs (iWk«^*-f *) m®i x$>z 0 tit. mm 

[0 0 2 0] (a) ©KftSrSEWi UTHfk 

1rZ&b'mtmmmi>m<X£^z\b\cts:Z e 
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1^ #ff-C*W&3£fr5#S\ 

©li, 1 1 0 0*C©B*-C»3U»g;JS 2 0 0 p p 

m, jHSiS 1 0 5 0 < CO^-PMRSA#3 3 p pmffc 

*> , i o o oxnctxrv z> mmmm-imti 

S i o 2 + H 2 -» S i O ( T ) + 

r ©rjsic i 9 x >m\m<D9mx°%>*.-tz> s i 

[0 0 2 21 ±M&<D£?%*j}-XMz£oX^ *?{f# 
[0 0 2 3] Lfc^oT, #»!P]©2|9M*§£*©«ii# 

a >©nm gas*, ^^©^Btra^a^ics 

[0024] #389i#tt, ±IE2 o©iHkl8£©l& 
*#ifc©5*>, l»^^tf»Hft«t»-Tfj|M!ffli 

l£©T--/i«£SMLT*Ji9> r=-/w§£«£*il 

a© Bu^aiST-ffl v ^ia&aiia t r =— yug-effl 

LT^«LTfc5.^a^* (T--/U^g) %4*y 

©fsS&tt&^lcjtS CTf£H<7)5MWE-5 - i a*-C# 
[0 0 2 5] *7t±&Lfc<fc5KU itff&axgT'ffl^-S 

t , aMass* Srflu*.!* 1200 iceLh t ^ p <t 5 
e>*^. ^*-^©^ffiM^a^a(i, s»wj-e© 

±, *:r^©fflLAJx©IBKK^rt^©:fc5©*#fc 

a. *©-&a>e>i-st, MJEMiftMags©^^^^ 

[0026] i6^ s iSS«g©^>£&T/M*©®HgX 

aga (RTPtt) ^ffl^e>tiTv^ 0 RTPitt 

14, 7^7% ejRtfSWfi^WjkltafeSr^ai^fiRlti-S 



[002 1 ] &lc s **JR-f-S:*tf#ffl5lf tHRftyi* 

tT5^&(-*3v^r, ->y ^^kJg^^^^s^^,- 

XAJ4&©J;5ft t.©i:%x.P>ix5o Sffilci/Ja^i 

ffiTT-ia?a©fi^as:ife-rt. etT©R*SiSitfji-5. 

H 2 0 (c) 

riricioxtegic^a^ff^s^fix'fe'?, 

/v-SB, ^77r^M:-?7 & ft 

5 0 *fc» f£*^©RTP*|Itt?jtffil!©fc©as±ift 
XhitciK ftiS, ^EM©RTP^a^»«*fL5<fc 

5 ic^ofc 0 *^icfccts^^-^aA©sfifeaxe(c 

-fSfctt, ^©}^MRTPj!ea^*iI-e;fe5„ fcrc 
U te©-jR©T="-/P3HlS:fflv^srit>^*nrffi-e 

[0 0 2 7] tr^-C, -Y^>-ftA©Btl^ai: LT£K 

VgWURas* < ?£o t t <t v * L (±E*|BM©* i * fc 

li^3©^ag^a©^*)*) , i/9=HsmW:*& 

^iciiLT^iv^ (±£^!!il©*2*fctt3&4©¥ 

*{«ia©*it*&) „ 

[0028] fcfc* u >llteffii£gm§£ia4, 

^©§^£2. 5 nm^Ti U ^^&ABt©iDjI^ 
*/u=¥-£3k eVEtTti-5©^M*U\ ^ft(ci 

r©i 5 m-Miff » T--/w^ics«±(c#fe-rs^y 

«%©fitt*KStc/£5 ^ t , ^FM#igg©{£T 

[oo2 9] zb\z, *mw%i±. j*>mAmm& 

5vy 3>iWkBI©|gg?©R*|j:ov^T«W*SrJPx.,- ^ 
«*©«Hft{c^ ^->ftA^©*Pig^^/w^- i > y => 

(l) ~ (3) *t©*a&l;:oivcHu 

[0030] mz.\mmj *^<dw&, -f^-^aAxs 

(Cfcv^, TIE (1) SCT?*$ft5illfd ©'>!>=>» 
ft^iiLT, mM4^y^cZ k e VJ^T©*D3i^/l' 

d^V/1. 3 (1) 

(d : ->y=ViMbBt©«|f (nm) , V : Hflta** 
=¥- (k eV) ) 

[003 1] #n W*V©»^, W*VftAlSKl*5 

i^T, Tie (2) :£-eSt$ix5Mff d©*>y aviwklt 

SriiLT, 7Kn W^">-^3 k e VJ^T©JPji^yV=¥ 

-x-aA-rs w t asa* lv \ 

d^V/0. 75 (2) 
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(d : *S V 3 vmcMomW (nm) , V : iDil^/V' 
(k e V) ) 

10 0 3 2] 7 yfctfoW ^f^ftA! 
»C*JV*-C» TIE (3) 5t-C3?£*l£lg|ffdtf»!; =y 
SWkJSSriiL-C, 7^#ny^t^3k eVtTF© 

0 (3) 

(d : •>!)3yM©l| (nm) „ V : iPii^/W 
=¥- (k eV) ) 

[003 3] ^BMbBtSr^^fetcBS^ U X 

J£S?ffi#gtfJ LfcifcfiTM' ^&A£fr 9 ^Ic&l 

A-TS^irlcif), -Y^-^aA^SK^ffijc^-^ 

[0 0 3 4] T^-^fttiLtfxIl Sffi 

a?ffi^8ffiLfc«tlT*T--^£fi : 9#3-.CI4 > m^a 
Sr^^W* 1 0 0 p p mJ^T(Og^#H^^T*tT5 - 

ih-t-5ri:^T*#5„ 7--/^1 00 0'C~ 

1 1 oot<DMm-?ft?ztfrm$.L\,\ mjcto. 

[0 0 3 5] t^5T\ 3WBWlc*sit* t^WfM* 
[0 03 6] liSl£1RoS*KolN-C0 1 1 ~0 1 4 £ 

m^x®mi-5>. mint. */v =*>mfc\zttLxmit 

1100% (fcfcU 1 0 0 p pmEtT©^mt 
-5) tLfci^, ti9 0% KflO%i:Lm© 

m8t<Dmfe\*2ik'(*>m&#vm csims) izx*> 

fto1t B -4*>&K<Dliai&x-*A>*c— 140. 5keVi 
U aA-f^">jgSl4 5X 1 0 14 cm" 2 iLt, 
01 lOlWli, JiiU&^SlS^ffii Lfcfi«©^£*-|S] 
©feffi£^L-O>.5 0 
[0 03 7] 0 1 2 ~0 1 4 14, TFf&yKDWmZ 



[0 0 3 8] 01 2~01 4JC*$*ifc«S**»e>, 
1-ZZ.b#X%Z. 

[003 9] ±3* Lfc 4 5 fc» «^t£»tt*Hi£^/P=¥ 
t£ So -?:©gS (cot ^Ttt&T Lt>Mt> ^TfttftV ^\ 
[ 0 0 4 0 ] 0 1 5 14, *Slt»aSjer 5«M«SrttWi- 

■•*fc*©H'C*5. -r^-^aA^tffctifc^, 
--/He 4 •? mmm^^Wi-t^. :rt% &A8S 

@i5 ( a ) ^M|3 
0f4Sffi4ro*ffiJcPJ^LT^«H-5o kZZtiK T- : 

-/1-m^/t-mitmitftE-fzk, 015 (b) k*' 
■r«t 5 {-> ^Pfei 3 0 14, */<-iMtfflt 3 1 

tV-C&tS4(D«S(Cpjai-?.r t^T-^-f, &K4*tC 

[0041] -13. HAmtstim^WrStz, 01 5 

(c) Id^-Tipf-, ^RIS3 0©ffiffi*»e,Sffi4O 

■C t 3 0 14£E 4 ©Sf iBt5HH-5 r i ^ff 

■f, S«4^^#i-5ri:tc/«c5 0 -wfcft, 

co-r ^-^aA<o»g-jc#MW(-er zmmittwxh 

A#V\ wt^^oTV^S©^T*fc•5„ 
[0 0 4 2] *38M©^««9aAiS^4fk«iffi6Btt, 

KK\.xmm*ftbRTpmm.t. m^Txm^mm 

m^MLX'(*> : &A$:fio'(*> : 8LAmmb. RTP 
^«i:-l'^-^aA^Bi©K«r^L, rtibSl^t- 

[0 0 4 3] *38W©tt©JF:tt*ffiAStt{li«Ml 
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[0 0 4 4] ±^Lfci9lC s #$gl^©±Nfftc||g<D»i 

8ffl©RTPSl«S:<Effli-5rtiS-e§:, S!g©#3WiJ 
JB£E5r 5„ bz\Z>tK RTPgft^tv 

ffiASatdS-tix^HSJfr ©S6K-Cfe 5t t RTPglt 
flMGH&»:bo fc * ^£m- ^SAISgKifc^-f 5 ffl 

fts, mm. mmt>itt\<^±tkmx-4 
&nt>tizzbict£<<). &-kL<fa\ sfc, iimc 

[0 0 4 5] ClixfCttLT, **W©^*e«SEASttft 
*Q«gli, ^i±S©RTPggi:^^->aA^gi:^ 
fix., «EE^^^i^*a^i-5^S:^i-5S8a!6 

m^x^Hhmmm^mmLtzmmbLtc r©«^ic 

<U SK#^SriioT-r^-^aA^grtjc#A$tt5 

«RTP^a^ic^A$tv, T--/w^rfT9r 
■e©Mt?1>, &«aWUW*»fiJE$Ji«ii:*4v\ ^© 
<, (SfefldBl^yf-^iO , -r^->aA. 

m<oT&&*mmKw&irz^bifix*%z> < , ^ 

Wlcny/^ hftiSgtftt?, ^y-yyv-Aft© 
[0 0 4 6] fltr«mffliLt**^-^i6«, r 
w^mwLb tmvmaimwiM 1 oiaaHSft, m 

2<Dm&ft®mxm%i-tZMf8.bLXhJ:\,\ r©*£ 
[0 0 4 7] 

-tztz#><DJMmmmx&z> 0 *nm<DMmtt&v>)& 



*. @2(i*njg©^iiT*ffl^-5M^g^-r 

A^g 3litESRTPgIt'fe5 0 

[004 8] ^mmmm^yfwm^m.mnwMm 

li, ^^&AM©iiu&axgt LTMJ±MRTP=gg 
lSrffl^T, II (a) l^-rj;5lc x •>!J3ySfi4 

3>IWkBt5©itfft*S2. 5nm«TCfe*J:5U:*l 

>ftX'T--/i>jMmb Lxfemztix^mmxh 

[0 0 4 9] *HS©flT*ffi^5«ESRTPiIl 
I2 V m2\z.7tt-£.?\z, lo©USS7f:ioOD-K 

US) KJ:9ttS©X^KMKWT?fc5i£kK, $ 
{£> tt*^'1»©prij^#l:ttTR«s 2 0 p p m~ 3 

oppmeft*i?ia«iprffitftoTv^ 0 ±ot, ^© 

^JET"C!>i^©^^tfx.5 J; pjcftoT^So * 

b-ko^I8 ©fty^tc [i >> I A§ti 9 asjj j j- 

Mil bu--h°uy?m.8b<DfflXV^<DtoitiiA&fi 

[0050] *m&oj&m<Dm&. ^©mj^axsr-© 
#Maa*#tt, ia^Srsoo'C-gootas, 

* 1 0 _7 T o r r ~ 1 0 _4 T o r r , ^jgft^ 1 0 0 
0ppm~10%, ^$:60#~300|^\ 

[0051] hi (b) lc*fj;5l;, M&mm 

Tik, ^mzmg.2. 5nmfilT©~>y 3i^Slft^[5^ 

SEA^g2 §rfflV\ 3 k e V^T©^^/^--^ 
*fi^^-^*aA-f 5„ rrTil. SSMai^-T^*^^ 

=1 ^iWtJWtttt^ t LT 2 . 5 n m£tT^fctlTV ^ 
7.yft#n^'saj > -.p ^ ii^©pS*felinS& 

wmtDT&mzm^jJrz/b-t-Zo -y^k— x*cbb 
L-ctt, Ymtny- h&mzL&i>£xm , mmi-tit££ 

v\ ft4b\ 02{c*i-^^-^aA^g2ii, 

tl2, fffl;;fr#f^l3, xyKxf-> 3 yi4^ 

[0052] isktc, Hi ( c ) ic^-f-j: 5 (c x 

5Sr»Ufc**©i«i-C, 02lCjj*1-?flEfflRTP3ai 



(9) 



1^^2000-277449 



it), -> y => >mm 4 <D$m^msmkm i 5 mm 

ft < . 7=-/Wf y a VlWlMttftfc* LT 2 . 

[0 0 5 3] S2IC*-r«JES!RTPi6g3tt, BUffilC 
1 6 a Sr#J-«RlS* 1 6 * r> i/NflHf ^ 1 7 £ 
&WLT*5?K i&i£n/#:y M 8 lei 9 a-y ■ T yc 

5. iot, iOSJte^i 6rtu:*5^T, IteHSr&tfS 
[0054] #2ttt©J!Hft0#&- % ^©T--/H@-C 

<Dmm&ftti. urn* 1 o o oxm& y mm& 

100ppm~1000ppm, 'B#K£ l--.0#g ; 
[0 0 5 5] *3Q6o?gii©i|^{«6«o»j£*«fe(j:j3 

T<OBaBt?S:»m-5riiiS-e#5 0 Sfc, #0US©J& 

ftftiB 5 Sr«i-*ft-c&sas, y = ^iwaw t & 

2. 5nm«TiU ^^aAf$©M£^.*/W=¥-& 
h ffifc©{£T#£ C 5 r. i ft < , SfSo h ffiftfit £ 

1 s&flM-rsrt 
[oo56] $ tfc, *.3ffi<»mmvti, mamzms. 

SRTPill, T--/Hc^JERTP^M3?rfflV^ 
RTPUl t^&RT PmW3^m^flX^tzbir 

[0057] [Jg 2 <DWtomS\ »T» #»9!©S& 2 
0>*MW>J8IR$:H3, 04^#.^LTlftP^i-5o H3tt 



^mixmrn-th. m4($*mm<DMmx%^mmm 

&S=£Bl 9T*&5 0 

[oo58] *mm<DWM<D^my>}fcmmmm*. m 

[0059] ^«*aAffitt^t«yi|6B 1 9 11, I! 4 |C 
*i"i5fc, *Sf^-*gB2 0i:^;t:/8A^g2£ 
«BESlRTPKfil iS:«x.Tfe!), *3ff<-*i£fi2 

o b 4 *>&\&m 2*11® * ^s^&mm 21 (n 

RTP^fil*|g2©^^a6^2 2 (3?2©gl£8J 
-CJ1M$HTV^5 0 111, ^2©!>^«Sg^2 
1, 2 2liit>l^ rtWlc^s/NSrlBSSi-Sfcftwnjj? 
yK ^Mtt3l«flW!t, ffit©£^i88£#i£ (0^ 
«§) *ffiz-i>bbh\^ X&jt-y? iWm) (cj;t?rt 

^/^«6^2 1 l±y- h/^^2 3 Sr^ tT**^-^ 
i^fi 2 0 co i?i/^fi 2 5 i ^ ^-vaA^B 2 v 
K^x— > 3 V 1 4 <Z)l3£r%g Ls ^ 2 © 

2 2«y- N/<yuy2 3%ffLX-<*>&AmU2(D^ 
> Y*7—i/ a > 1 4 £®jEMR T PSgB 1 © * i^Nfit 
W^9 t©raS:]iS^LTV^ 0 *^B1 9»M» 

(HI^BS) Srffix., ^^bu^S, 'ftva 

A, T=-/^©#^#Sr^-C#5±5{CftoTi3 

[0060] *-f*inic, ^v—fimmLXobi- 
&9=^&*mo&*mm\&!Jsmm 1 9 1-* ? \> l, 

B2 0©SK^2 4rtlcMA$tL > -f^->-aA©mF^ll 

3 (a) {^-TJ;5IC, ^tLWKHC*S(C^$ttTV> 

[0061] #mmmm(oigr&. z<DttimwiMx<D 

3 0TorrgS. BtlBISr5»gK, 
[0 0 6 2] BfJMS^T^, >>*^H:^l©!>*^a«J| 
^2 lSriioT^^-yaA|gfi2rtlc»tA$*t5. r© 
BSE. jff 1 ©^^xn«s^2 1 rttt0f£©Jtgg£fc:je£# 

m$n-c*5'9, Hfj^a^t>o/cm©^^^i4i^i«ffi 

©4*-CA^lctoix5rtft<, -f^->aASIB2rtlc 
S5A$*X5„ -t LT X -<^-^aASIfi2lC*J^T, El 3 

(b) iZTjk-txoi^ mmmmLtzi/v ='ym&4\z 
mlx, 3 k e v&.T<omm^/^—x^mm^ 
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[0 0 6 3] >T;*->ftA#tT&» '>a^{i^2©'>i/N 
&i£^2 2 £iloT®ffiSRT P£fl 1 rt(C«5A£ft 

KSIStlftSft-Cfc!?, >T XV&A&7&© £ ^l$WL 

«lrtWIRA£ft5. ^LT, «ESRTPS*HC*J 
V^T, 0 3 (c) IdTjrT J; 5 -ftyffiAt®^!) 3 

[0064] #IHS©JBt&©»£- % r. ©T^-vUS"? 

©awaafctttt, i o o otas, X£g£ 1 0 

_4 to r rgi, mm&&*i o%a« % tifm&i o& 
i o o 6 5 j *nm<omm<D*mmm<Dmk%mi& 

■^±jStt(ST©|fflI|*»tH-e# 5v i V* 5 jR 1 ©HJS© 
h 3 o©II©«©r^, V^&±< AiafcMix-5 r 

#r(wJ;5->— h ®t©(ftT^± C 5 i b fc < , MM© 

[0 0 6 6] Sfc, *HiS©^©#ffi-ete, 

Se>lc«*»|tHci 0%T?*>oT1>« 

[0 0 6 7] $iblc, *mfi©^ffi-Ct4» -r^&Ami 

*aa, t—— jv<d 3 is©— nteads«rtg 

[0068] [£ 3 ©H*©Jg|B] #35 W©* 3 

©HJfe©^*K£l2l, H5«r#HRt-0KWt**. *Hlfe 
©»!8©2N««61t©»i63Wfel4, Jg l <o%Wm% b 
mm. »^-> !) 3 ysiftl^ Lfctlt^ t VSA, 
T=-^*fT5*fe"C*>5. -t Lt. teffliggtcWLT 



5(^-r±5i-, ^rtpsb*^ 

«§Lfc=&gT'&5 0 r©$g«fc, f&2©||i£©7£li 
g2 6-efc3 0 

[0069] *iafe(^t8w^«ftaAffitt<t«Bis6a 

^&74&«2&flB;L-C*J»K jWESR T P£eg 1 ©?* 

4 2 7 Sr^ LT * x'HfcSS 2 8 (££ 
SSiiS© TSUSSiiXl^. "}^*gi£^2 8ii, rtft 

tic, n^^? fflTm) \z£*)ftw>m£$ffi.*im 
\cffi&ztix\<^ 0 sfc, *m&2 6iwmu (m* 

[0 0 7 0] *-f*^(c, ^w-^^aL«t5i:1- 

Z9=^ttwh^ism&m£w 2 6 ir-t ^ h l, 

^gl©K)^^7(c:«gA$^, -Y^-^aAWsu^a^ L 

•e©f^a*#ii, £«^8 0 0^-9 0 0=0^ x 

^g^r 1 0" 7 T o r r ~ 1 0~ 4 T o r r , ^*SgSr 1 
0 0 0 p p m~ 1 0 %, ftfflZ 6 0S>~ 3 0 0^ bt 

s„ z<Dmm\z£<9. mi (a) ->y 

3 4 %/ 9 3 >HfUI 5 li^-©^)? t ^ 2 . 
5nm!£nFi:&5o 

[ 0 0 7 1 ] Ml&gmT^ ^*/Ntt!>*/>JRai^2 8 
*iioT-f^->'aA^g2rt(caeA$ixS 0 -©^ v ^ 

tiZZbttK, -f^-^aA^g2rtlc^A$tv5 0 
W*>aASSM2fc*5V^T» 01 (b) l^i-±5 

^IWbK5 Srii LT 3 k e V^T©AP3$^^/i^^r— X'^F 

[0 0 7 2] -Y;f-V&Aiim£, ^cc^li^i/NttKH^ 
2 8 Sriio-C^JEMR T PUB 1 rtfcSitJRASnS. 
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(cagA$^s„ zlx. iiJiiRTPiiiiciov^ 

@i (c) lc*l-«fc 5 1-> ^^>iiAi©->!)3yiS 

£4x5. SL±.<DT.mz£<9 > -/!)3yStl4©SICT 
HttttltJIl 5«&£2x5 0 
[007 3] #2at©7g«©»£\ :©7--/H|f 
©ffc&S&fNi, iBfl£ 1 0 0 O'CSS, K^ft^r 1 0 
~ 4 T o r rgg, i£*jtS£ 1 0%gg. 1 0# 

[00 74] *|Qfi©Jglll©i^t{«6«0«5i*jSfetC*S 

ofc* i , » 2 <Dmm<Dj&mtmm<D$))%:zmi-z> r t 

[007 5] $ fbl£, *HJg©^«|-e{i, MffiMR T P 
1 1 -f 2 ©^«£ Lfc^iK46aAS 

ttftflUISfi 2 6 Lx M/EMR TPgfl fcwifc 
atT--/^*ffl-f5*^t Ufc^ifCioT, Jg2 

[0076] 4*J, *3BM©SEfB«yfflW:±IEll!60»l8 

;ttf±E&ft©JfH8-C«^ LfcMJIMR T PgEMfi 1 

[0 0 7 7] 

[0078] £1\ ->!)3ye 7l ^©Sffit^?2. 5 
nmffly!)3 ^IMURfcJ&S Lfc. i©RHCtt, Jg£J? 
2. 5 nmlXh©S«W^^ilfc!>x/^fliI 

^SrtT9*j£^J:*), ->y 3^BWfcJtS:lili2. 5nm 
©BlJ¥i Lfc„ 
[007 9] <? lAfflOv/ y 3 ViHU8l£ii L 

-OKn^fc-f^aALfc. -<;*->&A©&#tt, Dm 
i^-5r2keV > i£A-<^->iiiS* 5 X 1 0 14 c 



-/»^HI«t±iBU***l 0 0 p pmUT<D%m%®% 
teiSgSrSfUt LT 1 0#Fb1T*5 0 0"C*-C#i&U 3 

o8>ra«#Lfc&, i ofmx- 1 o o ots-eWL, 

1 0S1B(!fe«fLfc«, (iiflT, 1 0 Ot/fJ>~l 5 

[0 0 8 0] ±|Ev/y 3^«7^^c0ffirt©4 9,£l£o^ 
T~>- Hgfet^S'J^L, ^l^SttlLfc ir/>, 2 3 
1. 7Q/DT*fcofc 0 ±IEil^C¥«it?^!>3 

*/vT?Ht 2 3 2.7 Q/D-C& 9 , Pf#©ffitafil2l^ 

-efcofc. Biff 2 . 5 n mco y 3 ^tBS 

[008 1] [HJS#J 2]fc ivv>^ >gHtJ££ 

?FM^wa^ic^^-yaANF(DjDii^^yv^-t 
[oo82] mm i i pw^jk-c, #o w 

m±MM&t£\<\ i%zmmt Litm*tt, -?v±*<d 

(ci5„ m<P. APii^/i-dr— 2 k e v, 

h %8i<omft& 1 %*^T-fc o fc i t Sr*i- (ro,So 

HM© i 5 ^kJK*S LT-232. 7 0/ 
□ , HftBSWD t?2 3 1.7 Q/D-Cfcofc) , 

[0083] 06{^§nfc^^f>, #v>*mx-f 

v-y 3>«HfcR©W?dSr-FiE (2) 5£&W£ 
d^V/0. 75 (2) 

(d : ^^yiftlwif (nm) , V : *Dii^/W- 
=¥- (keV) ) 

[0084] ±IE<>: mm\c LTv Jboate***-, > y 
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[0085] B7^*nfcse*a^, M.m%&Ai-z 
^ = >m<tm<Dmm d &tie ( i ) &zm&i- 

S <t 5 £R£1-*ttf, a»4->- hffiijtffi^tfbftS r. 

ttfSfc^ofco 

dSV/1. 3 (1) 

(d : Ssys^KfldtoKli: (nm) » V : Aafcn;*/!' 
=¥- (k e V) ) 

[0 0 8 6] 08{C*SixfcilS*d»e>, 7s>fl;#av£ 
*>y 3^»ft«oil»d«r-nE (3) 5t 

d^V/1. 0 (3) 

(d ->D^>mtm<Dmm (nm) , v:suii^ 

=¥- (k e V) ) 

[0 0 8 7] U >{COV^tt#{C0^LTl^^^ 

©wk* ±Mtmm. -^©BW£##&-rs^<btt»5 

[0 0 8 81 #'<~8MIJ*£Rtt1*fc3*#HS[ 
(®^#H^l 0 0 p pmOT).:t7'c->t>^5i 

[008 9] 0 9 It, tffn y^A^ ofd§£-©pg#B# 

AU ff 1 0 0%#HM-eT=-/VLfc*^-, -36^f 

^^ffi©mti^f§£-f-5 £t?©i$IH«:EIM*IB tWt 
•5„ 0 9 X'tiM&^/ui?— 1 k e V, K— XS ixi 
0 15 c m~ 2 ©&fFTJKn ^&A Lfc&, tflOO %# 

■C, *SBa$ttAFMa3tfc^tt*RattSrV^5. 
[0 0 9 01 

jeHi-*^ffittfiT©BaB#f Sr«ffi-f-5.r i So 
3=fc, j*v ^> y 3 ^KfbR«r9 LT, t L < 
KfcKtf&v ^fix*. {gv ^3$jc^/v^-(c i s-T * v 
iiAi:7=— /u££fTo-Ci*Sfc», ^«*©flWffcJ: 
5 v— M£fci©{g;Tas£ U 5 r h ft < , 9f M© h g 

r t pgia^^aAwM&gi^ffl-r s r t #-e 



[0K©ssm&Rwi 

[12 1 1 *3BW©« 1 ©HJ£©^fi©^2gft=gK©§g 

[12] ra*ffifcfflv^5S5«Sr*-tia-e*>S. 

[0 3 1 *mW<DWi 2 ©JUfe©Ji^§©¥3M»^fi©t!! 

[04] W*^fflV>S^ft«J^jSttfl^Ga3g«S: 
^-TBT'fcSo 

[051 #«W©f&3©!Qfe©J&«©¥!^tt©Jg 

So 

IB 61 *«W©|QSWIC*5V^, tf'ny££ALfc 
jf^^ttSW^.^JPaa^/w^— , ->y 3>$ft^© 

IB 71 StmSraALfc^-{c*5CtS-r^->An^^ 
©H#£^-f0T*£>So 

[B8l ^s/^nv^aALfc^Jc^ftS-f^-V 

[B9] *n^&A£tTo£i#©7^-/M&gi:Pg 
■IW*IH©BKSS:*i-H-e*)5. 
[B10] «WBllcJ:51WtBt=ty^^^*ff5*ife 

[Bin #o xDmmmvmMi&Tfiirmvb v , 

©SS5>*?:SiJ^ Lfc ^7 7 T*fe So 
[B 1 2 ] #"n >££A Lfc»&|cd3lt SiP^^ 

[B 1 3 ] y yfttfu Lfc»#lc*5tt5JlBfi 

[B 1 4 ] W*SrffiAtfc*&Jc*J»t 5*863^^ 

- i mmwmm t ^mm^i-m-ch s 0 
[0i5] mmtm&mz. zwrnzmm-tttzwrn 
r-feSo 

[^©Uiwi 

1 MRTPgl 

2 -r^-vaA^g 

3 ffflRTP^f 

4 v^y=">^K 

5 

i 5 wttotoMM 

19,26 *n®&Ammmmmm 

20 xm^-tms: 

21 m i © ■> i ©stg«ei^) 

22 & 2 © >> ^v&mm. m 2 ©s««sii^) 
28 t^s^Hmm. 
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[01] 



[0 2] 



(a) 



4: v 

^«4&-f^^ (B* v BF 2 \ As\ PM 

i i i i t i i ij. 

<b> f 



2. 



l6o 



JO 



,13 



fx 



=o 



18 



sat* 



fc 



LLLJJJLLL 5 



4 15: 

[0 3] 



(a) r 



3 



*tt*K**>' (B* , BF 2 \ A$\PM 

<"> p— 7 -■= 



14 

[B4] 
19 



17 



12 



^5 23 ^ 23 14 23 L 23 1 



13 K)- 



3 



[07] 



(c) £ 



I I 1 I I I I I 



4- 



33 



20 



8 15 



15: *K«tttftJB 



[05] 
_2& 



[06] 



10 



5 - 



i— u 



2 

i4 



^10 



27 28 27 14 



S 15 - 



T3 



'-"3 | 




d^V/l. 3 



0 2 4 6 8 10 



[08] 



B 15 

0 2 4 6 8 10 5 

^A^^M^^-V (keV) £ 10 




0 2 4 6 8 10 
itAJlH$^/t^-v (keV) 
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[09] [0101 




[012] 

[011] 

20 , 




4 



2 - 

0 I 1 1 1 1 

0 2 4 6 8 10 
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114] 



II 5] 




5 10 15 20 

fcAAffifcc*/^- (k e V) 



HI 



HI 



(a) ^ifcA©*^ 



—30 



4 (b) »v^2tAT-- 



31 



HI 



vzzzzzzzzzzm 



1 
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(c) *v*&A0«# 4 
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